INTRODUCTION
============

Zoology courses cover a broad range of topics, including knowledge of animal taxonomy, life cycle, biodiversity, and the role of evolution in shaping the form and function of different animals. As a result, zoology courses must incorporate large numbers of specimens to introduce students to different types of animals at various points of their life cycle. However, some regions, including Thailand, have limited resources and access to only limited numbers of preserved specimens, permanent slides, and microscopes. Undergraduate zoology laboratory courses in Thailand are often arranged as a lecture with exhibition stations to cope with the lack of available learning materials.

In this traditional setting, student instructions are often provided in the form of a laboratory manual and a laboratory briefing prior to starting the lab class. After a short briefing, students are expected to explore the different stations and complete a lab assignment worksheet, on which they report individually. Frequently, other activities, such as a lab quiz, are implemented at the end of class to motivate students to rigorously explore all the stations. Although this setting has been widely used in the classroom for decades, it often fails to engage the majority of students. It was found that despite the rigorous prelaboratory briefing, students still lacked conceptual and procedural understanding of the topic ([@b1-jmbe-20-2], [@b2-jmbe-20-2]). Some students were able to develop a conceptual understanding of how biodiversity, evolution, and taxonomic classification are interconnected, but this understanding was largely dependent on the quality of class teaching assistants (TAs) and instructors ([@b2-jmbe-20-2]). These higher-achieving students often gathered around stations where the TA was present and active, while other students were at other stations working on their own. Often, students relied on images of a specimen captured using a phone or tablet to complete drawing or sketching assignments rather than studying the actual specimen at the station. Sometimes, they used images from the Internet. This negated the purpose of the zoological lab class, reducing students' conceptual understanding of the course material. Moreover, students also struggled in labs with complex experiments, becoming mired in procedural details about the experiment rather than developing a conceptual understanding of the subject being studied. Finally, when a group project was assigned, a few members of the team tended to complete the report while the rest of the team remained unengaged in the course content and lab activities.
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To address this lack of engagement, we added an inquiry-based aspect to the lab class. It has been widely shown that an inquiry-based strategy can help improve student engagement and increase student performance in different classroom settings ([@b3-jmbe-20-2]--[@b7-jmbe-20-2]). The guided inquiry process allows students to develop their own ideas from different sources of information, with only a simple guided instruction from the lab instructor or TA. After each individual develops an understanding of the topic, ideas and resources are shared and developed among peers in small groups to promote student engagement in the activity ([@b8-jmbe-20-2]--[@b10-jmbe-20-2]). Finally, groups present their results in various creative ways, such as small science projects or group presentations ([@b8-jmbe-20-2]--[@b10-jmbe-20-2]). Despite some advocacy from the government, the implementation of inquiry-based learning in science education in Thailand is still largely limited, even in schools and institutions where resources are abundant ([@b11-jmbe-20-2]). Most inquiry-based approaches implemented in schools in Thailand are structure-based ([@b11-jmbe-20-2]). Guided and open inquiries are sometime arranged for senior undergraduate students in large universities or for gifted students in well-funded schools. One of the major concerns in incorporating inquiry-based learning in the classroom is the lack of supporting facilities ([@b12-jmbe-20-2]). Moreover, this type of learning often takes longer to implement. Our approach was developed to help maximize the use of limited resources to increase student engagement using task-based assignments and a time-restricted guided-inquiry learning protocol. The tasks were designed to incorporate different levels of inquiry-based learning from structured to guided to simple open inquiries. From our observations, the time restriction significantly helps encourage students to focus their attention on specimens and class materials and participate in the team effort. Our approach appears to not only help actively engage students with the lab activities but also promote peer-to-peer communication and team work. With some modifications, our laboratory design can be beneficial to similarly sample-limited regions in which zoological courses are taught.

PROCEDURE
=========

The strategy was implemented in an undergraduate zoology class of 50 students. Students were in their sophomore year, ranging from 18 to 20 years old. Each lab class correlated with a preceding instructor lecture in corresponding topics. Students were divided into 10 groups of five students. Five lab stations were set up to accommodate two groups (10 students) at each station. A guided inquiry--based laboratory assignment was designed to require both in-class activities and after-class activities. Both parts of the assignment were completed in groups based on the notion that cooperative learning helps increase the learning performance of students ([@b13-jmbe-20-2], [@b14-jmbe-20-2]). Students worked collaboratively to collect data and complete the in-class activity, and the group discussed and developed a presentation idea during the after-class activity. Often, the presentation incorporated media such as movies and infographics. Group assignments were due within two weeks of the lab class.

In-class activities: Time-restricted lab rotation
-------------------------------------------------

The guided inquiry--based practical task is designed based on the key conceptual idea for each topic and includes a variety of activities to ensure the task is both interesting and challenging for students ([@b15-jmbe-20-2]). The guided instruction for in-class activities was planned to train both cognitive and psychomotor skills. As the average attention span of students has been reported to be around 10 to 15 minutes, all the tasks for in-class activities were designed to be completed within 10 minutes ([@b16-jmbe-20-2]). In each task, students were allowed to collect data using provided specimens at the station table. An alarm signal was used to remind students to move to the next station, forcing students in the group to participate in activities at each station and encouraging active contribution among the team members. To foster respect for others and for the materials, students used two minutes after the alarm signal to clean up and reset their current station before rotating to the next station. A question-and-answer session at the end of class enabled students to discuss, collect more data, and implement critical thinking on the more challenging aspects of the task. Sample lab stations are shown in [Appendix 1](#sup1){ref-type="supplementary-material"}.

After-class assignment: Collaborative learning
----------------------------------------------

To foster a group active-learning experience, after-class assignments challenged the students to scrutinize the problem and find a way to effectively communicate their ideas to their peers ([@b8-jmbe-20-2], [@b14-jmbe-20-2]). The in-class team activities were designed to be different at every station, ranging from drawing to comparing animal structures and forms to capturing images for their assignments and answering questions related to the topics. The after-class assignments combined the in-class stations with student creativity. Free tools such as "Facebook live" and "Piktochart" ([@b17-jmbe-20-2]) were used to make movies or infographics to be published online. The format of the presentation was left open so individual groups could decide how to present the assignment. Impressively, the students in the study produced high-quality movies presented in different styles, including conventional voice-narrated shows, animation, and stop motion. Samples of these movies are available upon request.

CONCLUSION
==========

After two years of implementation, our lab strategy has been found to promote active student engagement in zoology classes. Students not only learned about the topic, but were also able to organize themselves to work as a team. We found that students successfully collaborated and distributed tasks among themselves within minutes during the in-class time-restricted challenge. The time-restriction was essential to encourage contribution from all team members. Diverse tasks, such as drawing, experiments, and collecting data for presentations, were used during the in-class assignments to accommodate the attention span of the students. Students quickly leveraged online social tools, including Facebook groups, Line, Google Drive, and Dropbox, to share resources among the team to complete the after-class project. The collaborative nature of the assignments helped promote team-building skills within the groups of students. Our approach clearly demonstrated that the time-restricted guided inquiry could be effectively implemented in undergraduate zoology laboratory classes to actively engage students in class activities.

SUPPLEMENTAL MATERIALS
======================
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